Sewage discharge is considered to be the main source of virus contamination in aquatic environments. There is no correlation between the presence of viruses and the presence of fecal coliforms in water; therefore virological markers are needed when monitoring contamination. This study investigates DNA and RNA virus concentrations in wastewater and evaluates a potential virus marker of human contamination. Influent and effluent samples were collected twice a month throughout a 1-year period. Viruses were detected using quantitative polymerase chain reaction protocols; nucleotide sequencing was carried out for virus genotyping. Human adenovirus (HAdV) and polyomavirus JC (JCPyV) were the most prevalent viruses found in influent samples (100%) with a virus load that ranged from 10 6 to 10 5 genome copies per liter (gc l -1
INTRODUCTION
Approximately 5,000 young children worldwide die every day from diarrheal diseases that have easily preventable causes. It is estimated that 88% of these diseases are attributed to unsafe water supply and inadequate sanitation and hygiene. Improved water supplies and basic sanitation could cut this toll dramatically and a simple, low-cost household water treatment could save further lives (WHO , ; WHO & UNICEF ). The provision of clean drinking water and good sanitation coverage has progressed, but still represents a major challenge for health authorities, particularly in the developing world.
Raw sewage is a major carrier of disease-causing agents and the discharge of natural raw or inadequately treated sewage effluents is the most common source of enteric virus pathogens in aquatic environments (Bosch ) . The safe treatment of sewage has been highlighted as a critical threat to the health issues of any community (Okoh et al. ) .
Viruses are shed at high concentrations (up to 10 11 copies g 
).
However, there is a lack of data from developing countries on virus presence in wastewater or even for data that concerns a viral marker for human fecal contamination in the environment (Okoh et al. ) . Therefore, characterization of wastewater from countries located in tropical regions is fundamental to the provision of data that will assist in evaluation of a single virus marker that could be used worldwide.
In the present study, data on DNA (HAdV and JCPyV) and RNA viruses such as rotavirus species A (RVA), norovirus (NoV) and human astrovirus (HAstV) are reported using samples from a wastewater treatment plant (WTP) located in Rio de Janeiro, Brazil. An ultracentrifugation protocol, qPCR and sequencing methodologies were used to detect, quantify and characterize viruses recovered from wastewater.
METHODS

Sewage samples
Sewage samples were collected from an urban WTP located in the metropolitan area of Rio de Janeiro, Brazil. This plant receives sewage from around 1.5 million people living in both the Central and North zone of the city. This sewage treatment employs a secondary treatment (aerobic process: activated sludge) with an inflow mean of 2,500 l s -1 . Initial sewage treatment is composed of a grid separation and a primary sedimentation. There are four aeration tanks placed in parallel that offer the capacity to treat 625 l s -1 of effluents.
A secondary sedimentation is performed in four secondary settling tanks without chlorination before effluents are discharged into the water environment.
In total, 48 sewage samples were collected bi-monthly (at a 15-day interval) from August 2009 to July 2010: 24 samples were collected from raw sewage (influent) and 24
were collected from the final treated sewage (effluent). At each sampling point, 50 ml of sewage was collected in sterile plastic bottles, kept at 4 W C and transported to the Laboratory of Comparative and Environmental Virology (LVCA), Fiocruz, Brazil, for immediate analysis.
Virus concentration and nucleic acid extraction
Virus particles were concentrated using an ultracentrifugation method as described previously (Pina et al. ) .
Briefly, 42 ml of sewage was ultracentrifuged at 100,000 g for 1 h at 4 W C using a Beckman ultracentrifuge equipped with a type 35 rotor. Virus particles were resuspended in 3.5 ml of 0.25 mol l -1 glycine buffer (pH 9.5) and incubated on ice for 30 min. The solution was neutralized by the addition of 3.5 ml of 2× phosphate-buffered saline (PBS) (pH 7.2). The supernatant was clarified by centrifugation (12,000 g for 15 min), and viruses were recovered by ultracentrifugation at 100,000 g for 1 h at 4 W C using a SW41 were constructed at the LVCA using pCR2.1 vectors (Invitrogen, USA) that contained the insert generated with specific primers used in the qPCR reaction (Table 1 ). The lengths of the insert and target regions were 69 bp (hexon gene), 
Nucleotide sequencing and phylogenetic analysis
The molecular characterization and phylogenetic analysis of HAdV, JCPyV, NoV and HAstV was performed by direct PCR amplicon sequencing using the amplicons generated from the hexon gene, an intergenic region fragment, the polymerase gene and the VP1 protein, respectively (Table 1 ).
The amplicons generated by reverse transcription (RT)-PCR and nested-PCR (nPCR) were purified using a QIA- Nucleotide sequences were edited and aligned using BioEdit ® Sequence Alignment Editor software (Hall ).
The sequences were compared with their prototypes as well as with other sequences deposited at the National Center for Biotechnology Information (NCBI/GenBank) (http:// www.ncbi.nlm.nih.gov/). Phylogenetic trees were constructed using Molecular Evolutionary Genetics Analysis (MEGA) v.4.0 software (Tamura et al. ) with the neighbor-joining method, using genetic distance corrected by the Kimura two-parameter model with 2,000 pseudoreplicates.
Statistical analysis
The frequency of detection of each tested virus obtained in 48 samples of wastewater using qPCR assay was compared using both a chi-squared test and Fisher's exact test at a significance level of 0.05. The occurrences of HAdV, JCPyV and RVA in the effluent were analyzed for significant differences. Statistical analyses were performed using GraphPad Prism ® software version 5.
RESULTS
Virus detection and concentration in influent and effluent samples Table 2 (mean of 3.31 × 10 3 gc l -1 ). 
Molecular characterization
HAdV, JCPyV, NoV and HAstV nucleic acids from the amplicons obtained by nPCR were sequenced and confirmed by nucleotide sequence search using the Basic Local Alignment Tool (BLAST) tool.
JCPyV strains showed a high nucleotide identity with each other, and ranged from 98.9 to 100%. The phylogenetic tree obtained with JCPyV sequences and JCPyV prototypes available from the GenBank database is shown in Figure 2 . All sequences detected in this study 
DISCUSSION
Sewage discharge is considered the main source of microbiological contamination in several aquatic environments and enteric viruses, highly stable and present in high concentration in that type of water, become a source of human diseases through exposure to these contaminated waters (Okoh et al. ) . In South American countries, where in general there is no adequate sewage network, common pollution problems associated with urban sewage discharges (Rodríguez-Díaz et al. ) have contributed to morbidity and mortality from acute diarrhea. In these regions, however, the association between virus agents and water-related diseases is still difficult to infer. 
